Context: Overlapping neurobiological pathways between obesity and addiction disorders are currently in discussion. Whereas the hypothalamic regulation of energy homeostasis by endocrine feedback signals has been widely investigated, its interplay with mesolimbic rewardassociated pathways represents a rich field of future research.
O
BESITY IS A VERY EXPENsive health problem that is growing more prevalent every year. [1] [2] [3] One of the major difficulties with treating obesity is that, even after successful diets, most patients relapse into their previous unhealthy eating habits, thereby regaining most, if not all, of their initial weight. 4 The specific neural pathways and mechanisms underlying this excessive calorie consumption are not completely understood. 5 While the influences of genetic predisposition 6, 7 and environmental factors 8 of obesity are well known, a clearer understanding of neuronal mechanisms that interact with metabolic regulation is needed to better facilitate the prevention and treatment of obesity.
According to several studies, food intake is associated with dopamine release in striatal regions. [9] [10] [11] Some researchers have advanced the view that severe obesity operates similarly to drug addiction, running along the same neuronal circuits. [12] [13] [14] Neuroimaging-based approaches using positron emission tomography have found evidence of reduced striatal D 2 receptor availability in obese and drug-addicted subjects compared with healthy control subjects. 15 Wang et al 15 also found D 2 receptor availability in obese subjects to be negatively correlated with body mass index (BMI). Two studies applying functional magnetic resonance imaging (fMRI) allowed a closer understanding of the role of cue reactivity in obesity and food addiction: the first associated the visual presentation of high-calorie food cues with increased neural activation in mesolimbic areas, 16 and the more recent second study associated the increased activation in the dorsolateral prefrontal cortex and caudate in anticipation of the receipt of food with the Yale Food Addiction Scale score, operationalizing substance-dependence symptoms in eating behavior. 17 In recent years, evidence has accumulated that the appetite-regulating peptide leptin is involved in food-related reward mechanisms. It has been suggested that leptin, which is secreted by white adipocytes, acts as a messenger signaling satiety at the hypothalamic level, thus diminishing food intake. 18 However, leptin was additionally shown to bind to specific receptors on dopaminergic neurons in the ventral tegmental area (VTA), inhibiting dopamine signaling in the nucleus accumbens. 19, 20 Because it affects the hypothalamic and the mesolimbic pathways, leptin might provide a link between energy homeostasis and rewardrelated behavior. 21, 22 Moreover, there is evidence that an elevated leptin concentration is associated with addictive behavior, [23] [24] [25] [26] [27] strengthening the hypothesis that leptin interacts with mesolimbic reward pathways.
The first evidence of the possible influence of leptin on fMRI cue reactivity to visual food stimuli was found by 2 landmark studies on patients with leptin deficiency syndrome (LDS), a rare condition that causes hyperphagia and severe obesity. 28, 29 The study by Farooqi and colleagues 29 presented fMRI data from 2 adolescents 7 days before and after first-ever treatment with peripherally administered leptin. The 2 participants underwent scanning while they were presented with food images after having fasted and also after having eaten. Their hunger and satiety levels and the degree to which the food images appealed to them were assessed with the use of visual analog scales. When the participants were in a leptindeficient state, the food images caused marked activation in the anteromedial ventral striatum and the posterolateral ventral striatum and correlated positively with their ratings of the food's appeal in both the fasted and fed states. After leptin treatment, their hunger decreased and their satiety increased after meals. Activation in striatal regions was also reduced, correlating only with the foodappeal ratings after having fasted. Those findings provided the first evidence that leptin acts on neural reward circuits governing visual food cues. 29 However, the studies left unanswered whether these or similar mechanisms are responsible for diet-induced obesity (DIO) in the general population.
Herein, we present the first study, to our knowledge, to investigate whether leptin levels are associated with the intensity of mesolimbic reactivity to food cues in obese and nonobese subjects. Our results might help elucidate the interaction between the homeostatic regulations of the energy balance and mesolimbic reward pathways, thereby enabling future research in obesity to define more effective treatment targets.
METHODS

PARTICIPANTS
Eighty-five obese individuals responded to our newspaper advertisements and were subjected to telephone prescreening. Only individuals meeting the following inclusion criteria were invited for a personal screening: age between 18 and 65 years; a BMI (calculated as weight in kilograms divided by height in meters squared) greater than 30; a waist circumference less than 150 cm (to be able to fit into our scanner); the capacity to give informed consent; no history or current diagnosis of any psychiatric, neurological, neoplastic, or untreated endocrine illnesses (with the exception of nicotine addiction); and no current intake of any psychoactive or antiobesity medications. Individuals with a history of surgical interventions in the gastrointestinal system (eg, gastric banding) or contraindications to fMRI scanning were also excluded. Of the individuals screened, 21 obese right-handed subjects (15 women and 6 men) with a mean BMI of 36.9 (range, 30.0-47.5) met the required inclusion criteria and were subsequently admitted into the study. For the control group, we used 23 healthy, age-and sexmatched, nonobese (BMI 18.5-24.0), right-handed subjects (15 women and 8 men) with a mean BMI of 22.1. Five obese participants and 7 controls were active smokers. All participants provided written informed consent, and the study was approved by the local ethics committee.
TESTING PROCEDURES
Testing for all participants began between noon and 3 PM. All participants ate a standardized breakfast of 500 kcal 6 hours before fMRI scanning.
Depressive symptoms were assessed with the Beck Depression Inventory 30 and nicotine use with the Fagerströ m Test for Nicotine Dependence. 31 Eating habits were documented via selfreport with the Three-Factor Eating Questionnaire. 32 After completing the questionnaires (data not shown), physical measurements were taken. Before scanning, 30 mL of full blood was drawn from a cubital vein for use in neuroendocrine analyses.
LABORATORY ANALYSIS
Blood samples were anticoagulated with sodium EDTA (1 mg/mL of whole blood) and immediately cooled on ice. Plasma was stored at −80°C until analysis (maximum length of storage, 6 months). Hormonal analyses were performed at the Neurobiological Laboratory of the Department of Psychiatry, University of Hamburg (K.W.). To measure the leptin concentration, we used a human leptin radioimmunoassay kit (Millipore). The kit had a detection limit of 0.5 ng/mL for plasma concentrations of leptin; intra-assay and interassay coefficients of variation were below 8.5% for concentrations of 4.9 and 15.7 ng/mL, respectively.
fMRI TASK
We presented 18 blocks of food stimuli and 12 blocks of neutral stimuli to the participants while they underwent fMRI scanning. Each block consisted of 5 stimuli of the same category shown for 4 seconds each, resulting in a total block length of 20 seconds. The order of the stimulus blocks was pseudorandomized, and the pictures within each block were randomized for each subject. The food stimuli were arranged in 3 categories: salty high-calorie, sweet high-calorie, and low-calorie (both salty and sweet). Examples of the stimuli for the salty high-calorie and neutral categories can be found in Figure 1 . The participants' food cravings were assessed with a visual analog scale that appeared after each block. The scale ranged from "very weak" to "very strong" and featured values ranging from 0 to 100. Participants had to rate their craving within 10 seconds. After completing the rating, a fixation cross was presented for a minimum of 10 seconds. The fMRI task lasted a total of 18 minutes.
Food stimuli were chosen from a set of pictures that were rated for their ability to induce food cravings by 44 voluntary participants at our institution (M.G., C.V., and S.L., unpublished data, August 2009). Neutral cues were taken from the International Affective Picture Series, 33 avoiding pictures of food-related items.
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fMRI ACQUISITION
The scans were performed using a 3-T whole-body tomography scanner (MAGNETOM Trio with TIM technology; Siemens). We acquired T2*-weighted, echo planar images of the entire brain. These images were in a transversal orientation, 30°clockwise to the anterior commissure-posterior commissure line (repetition time, 2.41 seconds; echo time, 25 milliseconds; flip angle, 80°; 42 sections; section thickness, 2 mm; 1-mm gap; voxel dimensions, 3ϫ3ϫ3 mm 3 ; field of view, 192ϫ192 mm 2 ; in-plane resolution, 64ϫ64). We chose the short echo time and the 30°flip angle to anterior commissure-posterior commissure orientation to minimize susceptibility artifacts. We obtained a total of 453 images per subject. We also acquired a T1-weighted, 3-dimensional magnetization prepared rapid acquisition gradient echo data set consisting of 192 sagittal sections (section thickness, 1 mm; voxel size, 1ϫ1ϫ1 mm; field of view, 256ϫ256 mm 2 ; repetition time, 2300 milliseconds; echo time, 3.03 milliseconds; inversion time, 900 milliseconds; flip angle, 9°).
Images were presented to the subjects via goggles using an audio/video system (MRI Audio/Video Systems; Resonance Technology, Inc). We recorded the behavioral responses and presented the tasks using Presentation software (version 9.9; Neurobehavioral Systems, Inc).
fMRI PREPROCESSING
We used SPM5 software for preprocessing and statistical analysis of the imaging data (Wellcome Department of Cognitive Neurology). We excluded the first 5 images we acquired from our analysis to avoid any artifacts caused by the effects of magnetic saturation. We performed a spatial realignment on the remaining 448 images to correct for head motion. Normalization of the images was accomplished using an echo planar imaging template (Montreal Neurological Institute). The normalized images were smoothed using an isotropic gaussian kernel (8 mm full-width half-maximum).
STATISTICAL ANALYSIS
Our first statistical analysis of the preprocessed fMRI data was carried out on the individual level. In this analysis, we modeled the different conditions (salty high-calorie, sweet high-calorie, low-calorie, and neutral) as explanatory variables within the context of a general linear model. We modeled the hemodynamic response as boxcar functions convolved with a synthetic hemodynamic response function. To assess differences in brain activation between obese participants and nonobese controls, we generated individual contrast images (contrasting food cues with neutral cues) for each individual and then included them in our second-level analyses. We used multiple regression analyses to assess group differences and the association between brain activity and both food-related and neutral cues. Moreover, this approach was also used to compute the influence of BMI and of leptin concentrations on cue reactivity. The statistical model included orthogonalized BMI and leptin concentration, weight group, an interaction regressor for the weight group ϫ leptin interaction, as well as age and sex. Because the analyses were strongly hypothesis driven and anatomically localized to the ventral striatum, we applied the following familywise error correction method (P Ͻ .05). We defined the region of interest as the intersection of 2 a priori derived masks, that is, an anatomical mask for the ventral striatum and a mask for the main effect of the paradigm (food Ͼ neutral) built by an Statistical Parametric Mapping t-value map with a threshold of P Ͻ .01. We obtained our binary mask by retrieving a region of interest mask of the ventral striatum from the Brede database (http://neuro.imm .dtu.dk/services/jerne/brede/) and converting it to a binary mask with a threshold of PϾ.25. For exploratory whole-brain analysis, we performed a 1-sample t test of the obese and nonobese groups using a threshold of P Ͻ .05, familywise error corrected, with a minimum cluster size of k=10 adjacent voxels.
For illustration purposes, we extracted the maximum parameter estimates from the individual contrast images in the ventral striatum and cross-correlated them with individual leptin concentrations using SPSS statistical software (version 16.0.2; SPSS, Inc).
Statistical differences in the demographic and behavioral data, as well as in the BMI and leptin concentrations, were likewise analyzed using SPSS software. To assess the association between group (obese vs nonobese participants) and subjective food cravings during the scanning session, as well as the duration of the food cravings, we conducted a repeated-measures analysis of variance, with food cravings as the dependent variable, group as the between-subjects factor, and time as the within-subject factor. We performed this analysis separately for the categories of food and neutral stimuli. Functional magnetic resonance imaging block-design paradigm, including examples of food and neutral stimuli. We presented participants with 18 blocks of food stimuli and 12 blocks of neutral stimuli. In each block, 5 stimuli of the same category were shown for 4 seconds each. The order of the stimuli was pseudorandomized, whereas the pictures in each block were randomized for each subject. The subjects' food cravings were assessed with a visual analog scale after each block. The scale featured values ranging from 0 to 100 (very weak to very strong). Participants had to rate their food cravings within 10 seconds. After rating the craving intensity, participants were presented with a fixation cross for at least 10 seconds.
ARCH GEN PSYCHIATRY/ VOL 69 (NO. 5), MAY 2012 WWW.ARCHGENPSYCHIATRY.COM 531
RESULTS
The mean (SEM) age of the sample was 40.7 (12.2) years, with no significant difference between the patients and controls (P=.67). The mean (SEM) BMI was 29.2 (8.6) for all participants (range, 18.2-47.5), and their mean leptin concentration was 17.6 (15.4) ng/mL (range, 0.6-57.2 ng/mL). Obese participants differed significantly from the nonobese individuals in terms of BMI (t = 11.93; PϽ.001) and leptin concentration (t=5.97; PϽ.001). The mean score on the Fagerströ m Test for Nicotine Dependence for the 6 obese participants who smoked was 2.00 (2.53) and for the 7 smokers in the nonobese group was 2.71 (2.56) (t = 2.80; P = .03). Table 1 provides a detailed look at the characteristics and leptin measurements of our sample. An exploratory, whole-brain fMRI analysis of the main effects of our cue reactivity paradigm showed clusters of brain activation in the visual and limbic regions ( Table 2 and Figure 2 ).
fMRI CUE REACTIVITY AND ITS ASSOCIATION WITH BMI
To test the effects of cue presentation on the reward system, we performed a hypothesis-driven analysis of striatal blood oxygen level-dependent (BOLD) response. We defined the region of interest as the intersection of the 2 a priori derived masks (see the "Statistical Analysis" subsection of the "Methods" section).
We found a positive correlation between individual BMI and food cue-induced activation of the ventral striatum (left ventral striatum, t max =4.17; right ventral striatum, t max = 5.44; P Ͻ .05, familywise error corrected; Table 3 ). Figure 3A presents a statistical parametric map to show the association between BMI and BOLD response in the ventral striatum (PϽ.005 uncorrected; cluster size Ն10 voxels). For illustration purposes, we used the extracted signal change of the data for correlation. Figure 3B presents a scatterplot of the correlation between BMI and BOLD response (r =0.47; P =.001).
EFFECTS OF LEPTIN ON fMRI CUE REACTIVITY
As expected, we detected a positive correlation between plasma leptin concentration and BMI in our sample (r = 0.46; P = .001). The concentration of leptin in the plasma differed significantly between obese and nonobese participants (28.4 vs 7.6 ng/mL; t = 5.97; P Ͻ .001). Because other studies have suggested that leptin regulates body weight by affecting the hypothalamic and mesolimbic pathways, we tested the hypothesis that fMRI reactivity to food cues is associated with plasma leptin concentration. Our results showed a significant positive relationship between plasma leptin concentration and the BOLD signal in the right ventral striatum (t max =3.64; P Ͻ.05, familywise error corrected; Table 3 ). Abbreviations: L, left; MNI, Montreal Neurological Institute; R, right. a Indicates areas that showed a stronger blood oxygen level-dependent response to food cues compared with neutral cues in 44 obese patients and nonobese control subjects (P Ͻ .05, familywise error corrected; cluster size Ն10 voxels). Figure 3C shows the association between individual plasma leptin concentration and BOLD response in the ventral striatum (PϽ.005, uncorrected; cluster size Ն10 voxels). For illustration purposes, we used the extracted signal change to show the correlation between the BOLD response and the plasma leptin concentrations. Figure 3D illustrates the association between plasma leptin concentration and ventral striatal activation (r = 0.27; P=.04).
We found no association between weight group and plasma leptin concentrations. There also were no differences between food categories, most notably between the high-and low-calorie foods.
SUBJECTIVE FOOD CRAVINGS
We observed no significant difference between the groups in terms of their subjective food cravings, as assessed during the fMRI session following 6 hours of abstinence from food. The obese and nonobese participants both reported more food cravings after being presented with blocks of food-related stimuli than after viewing neutral blocks (mean [SEM] visual analog scale score, 52.4 [3.7] vs 25.2 [3.0]; P Ͻ .001, main effect of category). Both groups also reported a significant increase in food cravings over the course of the experiment during the neutral blocks (main effect of time, P = .001) and during the food blocks (main effect of time, P= .003). We found no interaction between group and block type (ie, food vs neutral), indicating no difference in cue-induced food cravings between our obese and nonobese participants (Table 1) .
COMMENT
The main finding of our study was a significant positive correlation between plasma leptin concentration and fMRI BOLD response in ventral striatal regions during the presentation of visual food cues. We also found BMI to be positively correlated with brain activation in the ventral striatum. On an exploratory level of analysis, various additional brain areas involved in visual, motivational, and gustatory processing were activated by food cues.
Previous evidence has suggested that the responsivity of the mesolimbic reward system increases in response to visual food cues in the context of obesity. In a recent study, high-calorie food cues were demonstrated to have an effect on mesolimbic BOLD response in a sample of 13 obese women. 16 Our data go beyond this observation by presenting evidence that BMI and food cue reactivity are associated: the higher an individual's BMI, the more mesolimbic activity followed the presentation of food cues. Moreover, evidence from a recently published fMRI study 17 demonstrated that food addiction scores (as determined on the Yale Food Addiction Scale) correlated with an elevated BOLD signal in rewardassociated structures (eg, the anterior cingulate, medial orbitofrontal cortex, and amygdala) in response to visual food stimuli and correlated with reduced BOLD signals of inhibitory regions (eg, the lateral orbitofrontal cortex) in response to receipt of food.
Based on previous findings in drug addicts, [34] [35] [36] it is possible that reduced dopamine D 2 receptor availability in the ventral striatum of obese individuals is at least partly responsible for this effect. 15 Whether this reduced availability of dopamine D 2 receptors represents a downregulation of reward circuits 12, 37 following overstimulation remains to be elucidated. In the case of alcoholism, an inverse correlation has been demonstrated between mesolimbic D 2 receptor availability and cue reactivity, 34 suggesting that reduced basal activity might be accompanied by an increased sensitivity toward external stimulation. 38 Recent preclinical data using animal models support this hypothesis, showing that extended access to high-calorie foods causes downregulation of dopamine D 2 receptors in rats in addition to addictionlike reward deficits and the accompanying compulsive foodseeking behavior. 39 Our observations of the interaction between plasma leptin concentrations and fMRI cue reactivity constitute preliminary evidence that leptin plays a regulatory role in the processing of food-related stimuli in obese individuals.
This finding expands on insights derived from studies performed on patients with a rare genetic defect leading to LDS. The study by Farooqi et al 29 found the presentation of visual food cues in 2 patients with LDS to be associated with increased striatal activation, which was neutralized by intravenous application of recombinant leptin. Furthermore, after leptin treatment, hunger decreased and satiety increased after meals and activation in striatal regions decreased. This decrease in activation was also found to be correlated with the subjects' prior ratings of the appeal of food pictures, albeit only when they were in the fasted state.
A second fMRI study 28 measured 3 subjects with LDS who had been undergoing leptin-substitution therapy for many years, before and after discontinuing their leptin treatment. After discontinuing leptin treatment, the patients showed increased visual food cue-induced signal change in regions linked to hunger (the insula and the parietal and temporal cortices) and decreased activity in frontal areas linked to inhibition (the prefrontal cortex).
In addition, further results in a magnetic resonance morphometry study 40 demonstrated in patients with LDS that long-term leptin replacement therapy resulted in an increase of gray matter tissue in the frontal cortex, primarily in the left anterior cingulate gyrus. Gray matter tissue was also increased in the left inferior parietal lobule and the left cerebellum structures, which have been implicated in processing and regulating hunger and satiation. 41 All these studies included only a few patients with the very rare LDS, but their results already suggest that leptin might exert its appetite-regulating effect at least in part by interacting with the mesolimbic pathways. A study in rodents demonstrated that a chronic reduction of leptin receptor activity in the VTA using short interfering RNA knockdown enhances sensitivity to highly palatable foods. 20 Moreover, rodents treated with a leptin antagonist and given access to a high-fat diet developed significantly greater hyperphagia and weight gain than did control rodents that were exposed to a high-fat diet without any additional treatment. 42 Notably, data from Farooqi et al, 29 which show that increased plasma leptin concentrations cause decreased striatal activation in LDS, stand in contrast to our results. We strongly believe that this fundamental divergence between our results originates in the different study populations. The obese participants recruited for our study had DIO, had high plasma concentrations of leptin, and likely had developed an acquired relative leptin resistance, whereas individuals with LDS, such as those in the study by Farooqi et al, had a congenital lack of leptin.
Research on elevated plasma leptin concentrations in DIO suggests that leptin may be ineffective in signaling satiety. For this reason, some have hypothesized that obese individuals with significantly increased leptin levels have become relatively resistant to the catabolic effect of leptin. 43 Although the DIO model is complex and because we lack definitive evidence showing which factors are responsible for the impairment of leptin's homeostatic effect, acquired leptin resistance appears to involve central (abnormalities on receptor and/or postreceptor signaling) or peripheral (abnormalities in transport across the blood-brain barrier) alterations to physiological mechanisms or both. (For more detailed insight into leptin resistance, see Scarpace and Zhang 44 and Meyers et al. 45 ) Moreover, preclinical research with rodents has demonstrated that congenital leptin deficiency causes significant changes in leptin-sensitive hypothalamic neurons. 46 One can assume that similar changes, such as altered leptin-dependent synaptic plasticity in the VTA, occur in the brain morphologic features of individuals with LDS.
Physiologically, leptin binds to specific leptin receptors and activates Janus kinase 2, which subsequently phosphorylates signal transducers and transcription activators (STAT), in particular, STAT3. STAT3 activates the transcription of pro-opiomelanocortin, which mediates the effect of leptin on certain areas in the central nervous system. 47 For this reason, impaired STAT3 phosphorylation has been identified as one marker of cellular leptin resistance. 48 In rodents with DIO, the STAT3 phosphorylation of neuropeptide Y neurons, which are responsible for the anorexigenic effect of leptin, is dramatically diminished within the arcuate nucleus of the hypothalamus. 49 Additionally, a recently published study 50 on rats with DIO has identified the VTA as another specific region of cellular leptin resistance, as measured using reduced STAT3 phosphorylation. These data suggest that DIOinduced leptin-resistance diminishes the dopaminereducing firing of leptin neurons from the VTA into the nucleus accumbens.
In addition to its effects on appetite regulation, leptin has been found to affect addictive behavior by increasing the reward value of external stimulation. 23 This hypothesis has been supported by preclinical and clinical data that have shown increased leptin activity to be associated with addictive behavior, craving, and reward expectation. [24] [25] [26] [27] [51] [52] [53] Although the approach is likely far too simplistic, we surmise, based on the preclinical research mentioned as well as our current findings, that an acquired impairment of the dopamine-reducing leptin effect in the nucleus accumbens combined with an acquired reduction of striatal D 2 receptors (caused by a high-calorie diet) might result in hyperreactivity of the mesolimbic system toward reward-predicting cues in obese subjects-similar to what we see in patients with addiction disorders. This might explain why obese individuals are unable to adapt their responsivity to food cues and, consequently, their food intake according to their physiological needs.
We detected no significant group difference in subjective food cravings assessed during the fMRI session following 6 hours of food abstinence. Obese and nonobese participants reported more increased food craving after viewing food blocks than they did after viewing neutral blocks, and they reported a significant increase in food cravings during the course of the experiment in both the neutral and the food blocks. No interaction between group and category (food vs neutral) was found, indicating the absence of differences in cue-induced food cravings between obese and nonobese participants.
However, craving represents a subjective measure influenced by an unclear number of physiological as well as implicit and explicit cognitive factors; even in studies on alcohol and drug addiction, low construct validity has been a repeated complaint. 54, 55 In addition, Bartoshuk et al 56 demonstrated that the use of conventionally labeled scales (taste related) does not take into account that taste varies genetically (supertasters, weak tasters, and nontasters), thereby rendering comparisons across taste groups based only such scales invalid. This could be one reason why we found no association between craving and fMRI cue reactivity in our study.
The correlation between plasma leptin concentration and striatal BOLD response to food cues does not necessarily imply causation. Furthermore, our region of interest was limited to the ventral striatum.
Given that smoking is associated with appetite and plasma leptin concentration, 57 our inclusion of smokers might represent another limitation of our study design. In addition, other eating-related hormones have been described as affecting the projection of dopamine from the VTA to the nucleus accumbens. The gastric-derived peptide ghrelin affects brain circuits involved in energy balance, stimulates accumbal dopamine release, and may increase the incentive value of food intake. 58 Moreover, there ARCH GEN PSYCHIATRY/ VOL 69 (NO. 5), MAY 2012 WWW.ARCHGENPSYCHIATRY.COM 535 is substantial evidence suggesting that the catabolic peptide insulin acts in the VTA to suppress dopaminergic transmission and hedonic feeding. 59 In our experiment, however, we focused solely on leptin and did not collect data concerning ghrelin or insulin.
These shortcomings notwithstanding, our data provide evidence that leptin plays a physiological role in modulating the responsivity of reward pathways to food cues and also suggest that the homeostatic feedback mechanism between leptin and mesolimbic reward function might be impaired in obese patients. To put this in perspective, we believe that by contributing to a better understanding of the impaired interaction between homeostatic and motivational pathways in obesity, these findings could help identify new entry points for the transfer of various psychotherapeutic and pharmaceutical interventions that have been successfully tested in addiction research to the treatment of obesity. 
